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Introduction
Salt and solvent free hydrides of Group 3 metals and the lanthanides [Cp2Ln(µ-H)] 2 (Cp´ = C 5 H 5-n R n , R = alkyl) are extremely interesting because of their potential as catalysts for olefin polymerization, hydrogenation, hydrosilylation, and hydroamination, and have therefore been widely investigated [1] [2] [3] [4] . A frequently used method to synthesize these hydrides involves hydrogenolysis of the corresponding carbyls Cp2LnR, but this route is cumbersome [5] . A more attractive, direct, route is through reaction of Cp2LnCl and LiAlH 4 to give Cp2LnAlH 4 , which on treatment with Et 3 N produces [Cp2Ln(µ-H)] 2 [6] .
The compounds Cp2LnX (X = halide, hydride, carbyl) are normally so strongly Lewis acidic that they tend to incorporate salt (e.g. LiCl or MgCl 2 ) or solvent molecules. These are generally very difficult to remove, and greatly reduce the (catalytic) reactivity of the metal centre. On the other hand a Lewis base function on each of the spectator ligands can prevent inclusion of salt and solvent and enhance the activity and selectivity of the metal centre. We therefore planned a series of dicyclopentadienyl derivatives of yttrium, in which the cyclopentadienyl ligand carries a pending ether function, and chose the system C 5 H 5 CH 2 CH 2 OMe. During our investigations analogous derivatives were reported for La, Pr and Nd [7] , and this has prompted us to present our results on yttrium.
Results and discussion
Convenient amounts (50 mmol scale) of the starting material [(C 5 H 4 CH 2 CH 2 OMe) 2 Y(µ-Cl)] 2 (1) were obtained by treatment of a solution of C 5 H 4 CH 2 CH 2 -OMe · Li(TMEDA) in toluene at -80°C with half an equivalent of YCl 3 (THF) 3.5 followed by overnight stirring at room temperature. Filtration, concentration and cooling of the solution gave white crystals of 1 (eqn. (1)). 2C 5 H 4 CH 2 CH 2 OMe · Li(TMEDA) + YCl 3 (THF) 3.5 ---
Reaction of 1 with one equivalent of LiAlH 4 gave the yttrium alumohydride complex (C 5 H 4 CH 2 CH 2 -OMe) 2 YAlH 4 (2) as white crystals (eqn. (2)). The borohydride derivative 3 was prepared analogously (eqn.
(2)).
Treatment of 2 with an excess of NEt 3 in a mixture of toluene and pentane (1:3) led to expulsion of AlH 3 [8*] and formation of the symmetric yttrium hydride dimer [(C 5 H 4 CH 2 CH 2 OMe) 2 Y(µ-H)] 2 (4) in moderate yield (eqn. (3)) [9*]. Direct conversion of 1 into 4 can be easily carried out by in situ reaction and this presents an excellent route for the synthesis of hydride 4. No attempt to obtain monometallic hydrides by the well-known treatment of borohydrides with triethylamine (e.g. for Cp 2 Zr(BH 4 ) 2 this procedure yields triethylaminoborane and zirconium monohydride or zirconium dihydride [10*]) succeeded in displacing BH 3 from 3 to give 4 (similar reactions of samarocene borohydrides Cp2SmBH 4 (Cp´ = C 5 H 5 , C 5 H 4 t Bu, C 5 H 3 t Bu 2 ) with triethylamine were also unsuccessful [6b]).
The crystal structure of 3 was determined ( Fig. 1 ). The molecular structure is disordered in that for C17 there are two possible positions, each with ca. 50% occupancy (for the sake of clearness one position is shown in Fig. 1 ). The bond parameters (see Table 1 ) indicate that the molecule has a pseudo-octahedral coordination geometry around yttrium if the η 5 -bonded cyclopentadienyl ligand is regarded as occupying a single polyhedral vertex. The yttrium atom appears to be electronically saturated, since all the ligand contribu-________ * Reference number with an asterisk indicates a note in the list of references. [11] . Two hydride atoms bridge between yttrium (Y-H3 = 2.26(5), Y-H4 = 2.27(5) Å) and boron, and the latter also bears two terminal hydrides. The borohydride acts as a bidentate ligand, which is common for analogous compounds in which the metal is smaller than or comparable with yttrium (Ti, Yb), whereas for 
109.2(10) O1-C172-C16 117.0(17) a Cent1, Cent2 are the centres of gravity of the cyclopentadienyl rings. larger metals (Sm) tridentate complexation is generally observed [12] . The structure clearly shows that the ether functions of both cyclopentadienyl ligands are coordinated to yttrium. The Y-O bond distances (2.438(5), 2.419(4) Å) are typical, and close to those found in complexes of other yttrium compounds with coordinated ether molecules ( (1)) [14] . The 1 H NMR spectrum of 3 shows a quartet (1 : 1 : 1 : 1) at δ = 0.62 ppm ( 1 J(B-H) = 83 Hz) for the terminal and bridging hydrides. 1 [16] . Since the yttrium centre is a very strong Lewis acid and coordination of the ether function is obvious from the solid state structure we assume that this coordination is maintained in benzene solution. The reason for the high field shift remains unclear for the present.
In 
Hz) [19] . Symmetrically bridged hydride ligands appear to be characteristic for yttrium and the lanthanides. Up to now only one asymmetric bridged hydride complex, (C 5 Me 5 ) 2 Lu(H)-(µ-H)Lu(C 5 Me 5 ) 2 , has been reported [20] .
Experimental section
All operations were performed under an inert atmosphere by use of Schlenk or glovebox techniques. Solvents (THF, ether, pentane, toluene) were distilled from Na/K alloy prior to use. YCl 3 (THF) 3 .5 was pre-pared from YCl 3 by continuous extraction with THF; YCl 3 was obtained by dissolving Y 2 O 3 in hydrochloric acid and dehydrating the product with SOCl 2 [21] . IR spectra were recorded on a Mattson-4020 Galaxy FT-IR as Nujol mulls between KBr disks. NMR spectra were recorded on a Bruker WH-90, Varian Gemini 200 or Varian VXR 300. Chemical shifts are reported in ppm, 1 H and 13 C NMR spectra were referenced internally using the residual solvent resonances (benzene-d 6 : 7.15 ppm, THF-d 8 : 3.57 ppm, toluene-d 8 : 7.09 ppm). Elemental analyses were carried out at the Microanalytical Department of this university. All values given are the average of at least two independent determinations.
[(C 5 H 4 CH 2 CH 2 OMe) 2 Y(µ-Cl)] 2 (1)
To a solution of 24.8 g (24 ml, 0.2 mol) of C 5 H 5 CH 2 CH 2 OMe in 840 ml of toluene at 0°C were added, 30 ml of TMEDA and 78.5 ml (2.5 M, 0.2 mol) of n-BuLi, the mixture becoming orange. At -50°C 36.1 g (0.081 mol) of YCl 3 (THF) 3.5 was added in portions and the mixture then allowed to warm to room temperature and stirred overnight (during the warming the mixture became bright yellow). Filtration, concentration, and subsequent cooling to -20°C yielded white crystals of 1 (19 g, 0.051 mol, 63%). 1 3.91 (t, 4H, CH 2 OMe); 5.85 (t, 4H, C 5 H 4 ); 5.97 (t, 4H, C 5 H 4 ). 13 
(C 5 H 4 CH 2 CH 2 OMe) 2 YAlH 4 (2)
To a solution of 1.53 g (4.1 mmol) of 1 in 50 ml of toluene at 0°C was added dropwise a solution of 2.4 ml (1.72 M, 4.1 mmol) of LiAlH 4 in THF. A white suspension was immediately formed. The suspension was allowed to warm to room temperature and stirred overnight. After filtration and concentration the solution was cooled to -20°C, affording 1.06 g (2.9 mmol) of 2 as white crystals (71 %). 1 
(C 5 H 4 CH
To a mixture of 0.85 g (2.2 mmol) of 1 and 0.29 g (13.3 mmol) of LiBH 4 at room temperature was added 40 ml of THF. The white suspension was stirred for 2 days and the solvent was then removed in vacuo and 50 ml of toluene added. White crystals of 3 were obtained, after filtration, concentration, and cooling of the toluene solution to -20°C (0.48 g, 1.4 mmol, 62%). Recrystallization from hot toluene gave crystals suitable for an X-ray structural determination. 1 
[(C 5 H 4 CH 2 CH 2 OMe) 2 Y(µ-H)] 2 (4)
To a solution of 0.64 g (1.7 mmol) of 2 in toluene/ pentane (15/45 ml) was added 1.22 ml (8.7 mmol) of Et 3 N, and the mixture was refluxed overnight during which metallic aluminium was formed. The solvent was removed in vacuo and the residue was extracted with toluene. Concentration of the extract and subsequent cooling to -20°C afforded 4 as white crystals (0.30 g, 0.9 mmol, 52%). 1 H NMR (benzene-d 6 , 200 MHz): δ 2.09 (t, H, 1 J(Y-H) = 28 Hz); 2.56 (t, 4H, CpCH 2 ); 3.06 (s, 6H, MeO); 3.35 (t, 4H, MeOCH 2 ); 6.10 (t, 4H, C 5 H 4 ); 6.22 (t, 4H, C 5 H 4 ). 13 [22] ) and averaged into a unique set of 1384 reflections with I > 2.5σ(I). The structure was solved with DIRDIF-92 [23] and refined on F to a final R = 0.031, R w = 0.031 with SHELX-76 [24] . A disorder model was used to describe the positional disorder C171/C172. Hydrogen atoms were taken into account at calculated positions (except for those on B, for which the positional parameters were refined). Weights were based on counting statistics. The absolute structure was checked by refinement with opposite ∆f" contributions to the scattering factors. Scattering factors were those of Cromer and Mann [25] , corrected for anomalous dispersion (Cromer and Liberman [26] ). All calculations were done on a DEC5000/ULTRIX system. Geometrical calculations and the illustration were made with PLATON-92 [27] . Atom coordinates are given in Table 2 . Tables of hydrogen atom coordinates and thermal parameters, and a full list of bond lengths and angles have been deposited with the Cambridge Crystallagraphic Data Centre. Lists of structure factors are available from A.L.S.
